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Trauma to a peripheral nerve results in partial
or complete cessation of conduction and produces
disturbances in both somatic and autonomic ac-
tivity in the area supplied by that nerve. When
regeneration occurs, these functions return at
different rates. The autonomic functions, which
include sweating, return at about the same time
as pain perception. The finer degrees of tactile
sensibility return later (3, 14). Although sweating
is often used clinically to indicate whether or not
cutaneous innervation is intact, there are no
simple and direct tests for measuring sweating.
Suck tests must be simple so that patients will
return for re-examination over a course of time;
tests must permit direct observation so that the
results can be described and photographed
accurately.
I. SWEATING TEST5
Method: Richter's method of measuring the
electrical resistance of the skin to galvanic current
is quantitative, but there is some question as to
its specificity (12), Randall's (11) indirect technic
employs the iodine-starch reaction. Sweat drops
produce blue-black spots on starch paper which is
pressed on to the skin. Randall's method, used for
quantitative appraisal by MacGregor (10), was
found to be arduous as well as indirect. The other
methods described by Robinson and Robinson
(12) have similar shortcomings. In contrast, the
method of Wads and Takagaki (13) gives a precise
visualization of sweat. We have used it, adding to
it a simple modification for making the test some-
what quantitative.
The area to be studied is cleaned and dried with
absolute alcohol and then painted with a 3%
alcoholic solution of iodine. At this point, which is
termed "zero time," all the moisture formerly
present has been removed. A suspension of starch
in oil is thinly applied, and when the watery sweat
drops form, they turn black in contact with the
starch and iodine. Under magnification they
appear as very distinct circular black spots ranged
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along the epidermal ridges. Sweating occurs spon
taneously and perpetually on the volar surfaces
of the hands (9), so that rate of sweating in this
region may be measured simply by counting the
number of sweat spots appearing in a standard
area in a standard period of time. We did this by
using a inch punch to make uniform holes about
8 square millimeters in pliable plastic tape. A
small piece of tape with a punch hole is placed
lightly on the prepared area of skin (Fig. 1).
Sweat spots which appear in the circumscribed
area are counted under a dissecting microscope at
various time intervals after the application of
iodine. In most cases, the number of spots ap-
proach a maximum in approximately 8 to 12
minutes after the application of iodine. For pur-
poses of quantitative cbmparison we use the esti-
mated number of sweat spots appearing in the
standard area 10 minutes after the application of
iodine; in this case only two counts are necessary,
one before and one shortly after 10 minutes.
Since the population density of sweat pores is
not identical over the hand, we always test sym-
metrical areas of the two hands simultaneously,
and also paired normal sites. This method meas-
ures the number of functioning glands and not
the volume of sweat but, as the results will show,
it proves to be a reliable indicator of the state of
innervation.
We studied 9 patients who had sustained me-
dian and ulnar nerve injuries to the hand at vari-
able time periods after injury.
Results of Sweat Tests: Figure 2 (L. R.) shows a
sweat test on a normal subject. Figures 3—6 show
typical sweat tests on the fingertips of 4 patients
who had suffered varying types of injury and who
were in different states of repair. Figure 3 (A. C.),
a case of complete division of the median nerve in
the forearm, had a late secondary repair of an 8
cm. gap in the nerve. Sweat tests performed a
year after the repair showed sustained anhidrosis
of the thumb, index, and middle fingers. Figure 4
(J. B.) is a case of incomplete division of the
digital branches of the ulnar and median nerves
in the distal area of the palm. Sweat tests per-
formed 6 months after surgical repair showed
continued anhidrosis of the ring finger and hy-
pohidrosis of the middle and little fingers. Figure 5
(A. R.) is a case of complete ulnar nerve division
in the forearm, followed by repair 9 months later.
Sweat tests performed 2 years later showed no
anhidrosis but some residual hypohidroses of both
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FIG. 1. Normal fingertips prepared for counting sweat spots. The irregular area on which the black
sweat spots appear was painted with iodine. The tape with punch holes is placed on symmetrical sites.
The highlights are due to the starch-oil emulsion. The sweat spots within the circular areas in the tape
are counted under a dissecting microscope at timed intervals after the application of iodine.
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FIG. 2. Sweat test on the fingertips of a normal subject, showing similarity of sweating activity of
paired fingers; the tape was applied as in figure 1. This young female subject had a high spontaneous
sweating rate.
ring and little fingers. Figure 6 (M. P.) is a case
of complete division of the ulnar nerve at the
wrist followed by early repair (4 months). Sweat
tests performed almost three years later showed
normal sweating. The clinical impressions con-
cerning nerve regeneration paralleled the sweat
findings in these cases.
Different fingers have characteristically differ-
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Fru. 3. Sweat test on the fingertips of a patient
with severe trauma to the right median nerve.
The right thumb, index, and middle fingers are
anhidrotie. Control pairs (right and left ring and
little fingers) show close similarity in sweating
activity. The tape was placed as in figure 1. The
stippling indicates the extent of the area origi-
nally affected by the injury.
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Fro. 4. Sweat test on the fingertips of a young
boy with partially recovered injury to right ulnar
and median nerve branches. The right ring finger
is anhidrotie; the right middle and little fingers
are hypohidrotie compared to the left middle and
little fingers. The control pairs (thumbs and in-
dex fingers) show a close similarity in sweating
activity. Placement of tapes as in figure 1. The
stippling indicates the extent of the area origi-
nally affected by the injury.
ent sweating capacities and one must always com-
pare the symmetrical sites. The tips of the thumb
and the index generally sweat less than the other
fingers, and the ring finger is usually the most
active.
In testing any individual, we reasoned that if
the uninvolved pairs of fingers showed very little
variation in sweating patterns, as illustrated in
the first 5 figures, it was safe to assume that large
variations between the pathological and contra-
lateral normal areas were significant, particularly
when these appeared consistently during other
periods of testing. Analysis of 53 paired tests on
normal sites (uninvolved fingertips of the injured
hand compared to the contralateral finger tips)
showed a mean percent variation of + 1.1 %,with
a standard deviation of 16.1%. The pathologi-
cal areas generally showed variation from their
eontralateral sites of 70—100%.
Individual persons exhibit considerable vari-
ation in spontaneous sweating activity. If the
rate of sweating in a certain individual is low,
there is usually no sharp distinction between
pathological and normal areas. In such eases the
differences can be accentuated by having the
subject perform mental arithmetic for 3—5
minutes. Figure 7 (J. S.) shows the efficacy of this
procedure in the ease of a patient who always ex-
hibited a low sweating rate.
Spontaneous Sweating as an Index of Total
Sweating Ability of Volar Skin
Sweating on the volar surfaces of the hands
occurs "spontaneously"; it occurs also with
mental or emotional activity and, presumably, in
response to pharmacological stimuli. We wanted
to know if the spontaneous sweating activity of a
given area of volar skin is a valid indicator of the
ability of the area to sweat in response to specific
sudorifie stimuli. Most of the other investigators
who have tested the response of denervated
human skin to sudorific drugs have not studied
the volar surfaces. Thus, Coon and Rothman (1)
and Kahn and Rothman (8) found that the de-
nervated skin of human arms gave a negative or
weak response to intradermal injections of
meeholyl and aeetyleholine. Haimoviei (4) found
similar results when the leg and the ball of the
foot were injected with meeholyl, acetyleholine,
and adrenaline. Janowitz and Grossman (7) re-
ported similar findings with acetyleholine and
combined injections of eserine and meeholyl.
Since sweating on the volar surface of the hand
is different from that on the general body surface,
we investigated the responses of the denervated
volar skin to sudorifie stimuli in 6 patients; in all
eases sweating was absent, or it was much weaker
in the pathological sites than in the corresponding,
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FIG. 6. Sweat test on the fingertips of a girl who
showed good recovery of right ulnar nerve injury.
All paired sites are essentially similar in sweating
activity. Placement of tapes as in figure 1. The
stippling indicates the extent of the area origi-
nally affected by the injury.
normal contralateral sites. We performed 16
mental arithmetic tests on 4 of the patients on 11
different days (Fig. 7) and one test on the effect
of psychic stress (Fig. 8). The drugs were injected
intradermally in amounts of 0.02 cc. diluted
1:1000. Aeetyleholine was tested three times on
three patients (Fig. 9). The effect of meeholyl
was tested S times on three patients on 7 different
days (Fig. 10). Eserine combined with meeholyl
was tested 5 times on two patients (Fig. 11).
Adrenaline was tested once (Fig. 12). Pain
caused by inserting the hypodermic needle for the
injections elicited sweating in the normal hand,
and therefore the effect of injecting 0.85% NaC1
was also tested (Fig. 13). Since the volar sweat
glands are not normally excited by heat (9), we
did not investigate the effect of thermal stimuli
upon them.
The tests with drugs were qualitative; photo-
graphs of these responses are shown as Figures 9
to 13. There was a marked difference in response
between the pathological areas and the cor-
responding sites on the normal hand. The patho-
logical areas sweated weakly or not at all.
Thus, spontaneous sweating seems to be a valid
indicator of all aspects of volar sweating. A
stimulus which elicits increased sweating in nor-
mal volar skin also increases sweating in partially
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Fio. 5. Sweat test on fingertips of a boy with partially recovered injury to the left ulnar nerve. The
left little finger is hypohidrotie and the left ring finger is hyperhidrotie compared to the right little and
right ring fingers. The control pairs (middle and index fingers) show a close similarity in sweating ac-
tivity. The tapes were placed as in figure 1. The stippling indicates the extent of the area originally
affected by the injury.
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FIG. 8. Effect of psychic stress on normal(right) and denervated (left) symmetrical areas
of the palm of a patient with left ulnar nerve
injury. The stippling indicates the extent of
the area originally affected by the injury.
dcnervated skin, but to a much lesser degree.
Some areas with complete absence of spontaneous
sweating are refractive to any sudorific stimulus;
such areas are presumably completely denervated.
Thus, one patient (H. N.), who had sustained
complete division of the ulnar nerve 6 years be-
fore, had abundant sweating over most of the
ulnar nerve area, which showed muscular atrophy
and varying degrees of paresthesia. However, a
small area approximately 3—4 em2 on his left
palm, below the base of the little finger, was com-
pletely analgesic and anhidrotic, sweating neither
spontaneously nor in response to psychic or
pharmacological stimuli (Figs. 8, 10, 11, 12).
Use of Test in Estimating Results of
Transplant Operation
One patient (E. A.) had injured his left thumb
on 4/9/60. Five months later he had undergone
an operation involving the transplantation of an
island of skin (including subcutaneous tissue) in
continuity with its blood vessels and nerves, from
the ulnar side of his left ring finger to the pulp of
his left thumb. At the same time a graft of the
denervated skin from the ball of his left thumb,
probably without sweat glands, was transferred to
the side of the ring finger (Fig. 14). When tested
more than one year after the operation, the trans-
plant on the thumb sweated about as well as the
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flu. 7. Effect of mental arithmetic (M.A.) on the sweating activity of normal fingertips (L) and
pathological volar fingertips (M and I) of a patient with a characteristically low rate of spontaneous
volar sweating. Note that sweating in the normal little fingers was almost zero in the first 10 minutes.
It is not possible to separate the pathological from normal activity with such a low level of spontaneous
sweating; a difference can be brought about by giving the patient rapidly consecutive arithmetic prob-
lems to solve orally. Placement of tapes as in figure 1. The stippling indicates the extent of the area
originally affected by the injury.
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Fm. 9. Effect of acetyicholine on normal thumb (left side of photograph) and partially denervated
thumb (right side of photograph). Both thumb tips were injected (arrow) with 0.02 cc. of 1:1000 acetyl-
choline, 4 minutes before the photograph was taken. The dark color of the normal thumb was produced
by the large volume of sweat reacting with starch-iodine (G. C'. 1/13/62).
FIG. 10. Effect of mecholyl on denervated palm. The roughly oval area is indicated with interrupted
crayon markings. Left photograph (A) taken 17 minutes after the application of iodine and 5 minutes
before the injection of mecholyl. The right photograph (B) is the same area 11 minutes after the in-jection of mecholyl at the site and in the direction marked by the arrow. Spontaneous sweat increased
during the time between photographs, and the effect of mecholyl was slight or nil (H. N. 6/12/61).
A
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FIG. 11. Effect of eserine combined with meeholyl (0.02 cc. of equal mixture of 5 X 10 eserine and
5 X 10 mecholyl). Denervated palmar area demarcated with crayon square. Left photograph (A)
taken 20 minutes after iodine application and one minute before injection. Right photograph (B) is of
the same area 4 minutes after the injection of the drug at the site and in the direction marked by the
arrow (H. N. 6/19/61).
Fro. 12. Effect of adrenaline on denervated palm. The left photograph was taken 24 minutes after
the application of iodine and 10 minutes before the injection. The right photograph shows the same
area two minutes after the injection of adrenaline at the site marked by the arrow. The sweat count in
the standard area was zero in both photographs (H. N. 6/29/61).
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FIG. 13. Effect of NaC1 on paired normal and denervated fingertips. Photographs (A) and (B) show
the pathological middle finger one minute before and 16 minutes after the injection of 0.02 cc. of 0.85%
NaC1 at the site marked by the arrow. Photographs (C) and (D) show normal middle finger two minutes
before and 15 minutes after the injection at the site marked by the arrow (J. S. 7/7/61).
comparable area on the normal thumb, whereas
the thin graft on the side of the ring finger was
completely anhidrotic (Fig. 15).
A quantitative comparison was made between
the sweating activity of the transplant and the
corresponding area of the normal thumb, and also
the control donor site (ulnar side of normal right
ring finger). When possible, we used the 10
minute sweat count. However, this patient always
had a low degree of spontaneous sweating, so that
it was often necessary to increase the sweating
rate by using mental arithmetic. In this case we
used a longer time period which was identical for
both areas involved in the ratio. Table 1 shows
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FIG. 14. Neurovascular island transplant used to restore sensation to the ball of the thumb after
injury to median nerve branch.
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FIG. 15. Sweat test in a patient with a neurovascular island transplant. Td = distal part of trans-
plant and control site on normal finger. T = proximal part of transplant and control site on normalfinger. R = graft on ulnar side of ring finger and control site on normal finger. MA. =mental arithme-
tic used to increase the low sweating rate of this individual. The stippling indicates denervated areas.
30
20
I0
the sweating ratios calculated for the comparison
between 1) transplant and normal thumb,
2) transplant and control donor site (ulnar side of
right ring finger), 3) normal and injured thumb
in the area not included in the transplant, and
4) normal paired sites, i.e., index and little finger-
tips. The transplant sweated almost as well as the
normal thumb and sensory acuity was normal.
The sweating activity in the transplant was more
than twice as great as the control donor site;
this may have been due to the additive effect of
sweat glands in situ on the left thumb plus the
sweat glands brought in with the thick skin trans-
plant from the ring finger. The tip of the left
thumb showed residual hypohidrosis from the
original injury.
II. SENSORY TESTS
Method: To investigate the relation between loss
of sweating and loss of tactile sensation, we used
an electronic stimulator with a variable voltage
and variable frequency output. A signal light was
connected with the circuit so that the frequency
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TABLE 1
Sweating of transplant from ulnar side of left ring finger to left thumb compared to right thumb
and to right donor area
E. A., 45 yrs. Left median nerve. Injury 4/9/60. Operation 9/19/60
.Left Areas Compared to Right
Symmetrical Sites Except*
Sweating Ratios
11/30/61 2/13/62
Transplant, normal thumb
Transplant, control donor site
Area of residual hypohidrosis
Control areas
Distal part of transplant
Proximal part of transplant
* Transplant, right ring, ulnar side
Left thumb tip (distal to transplant)
Index tip
Little tip
1.8
0.6
2.7
0.0
1.0
1.0
1.0
0.7
—
0.3
—
—
TABLE 2
Sweating and sensitivity data in a case of median nerve branch injury
G. C., 28 yrs. Left thumb injured 1/24/61. Transplant to left thumb from ulnar side of
left ring 1/15/62
Areas Tested
Pre-operative Post-operative
11/29/61
10 minute Threshold
sensitivity
1/11/62
10 minute Threshold
sensitivity
3/1/62
10 minute Threshold
sensitivity
3/15/62
tO minute Threshold
sensitivity
Normal areas
Left ring tip
Right ring tip
Left little tip
Right little tip
Left ring, ulnar side (pre-
operative)
Right ring, ulnar side
Right thumb tip
Pathological areas
Left thumb tip (pre-opera-
tive)
Left thumb transplant (post-
operative)
Left ring—graft on ulnar side
(post-operative)
42
44
41
38
22
22
33
0
—
—
volts
6.2
6.2
5.3
6.2
9.0
9.0
7.3
12.0
—
—
50
57
49
50
12
13
37
2
—
—
volts
3.7
3.8
4.2
4.2
6.5
5.6
5.6
8.3
—
—
47
43
41
46
—
13
26
—
0
0
volts
5.1
4.8
6.5
6.8
—
6.2
8.1
—
11.5
9.0
54
51
46
50
—
21
24
—
0
0
volts
6.5
5.0
7.0
5.5
—
9.5
7.0
—
12.5
14.0
of the multiple shocks could be seen by the opera-
tor but not the patient. A broad indifferent elec-
trode was secured to the patient's normal wrist
and a small (2.2 mm. diameter) exploratory elec-
trode was applied to those areas which had pre-
viously been tested for sweating. Electrode jelly
was used in all skin contacts. The test consisted
of turning up the voltage from a sub-threshold
value to a level at which the patient could not only
perceive the pulsating current, but could accu-
rately reproduce its rhythm, either orally or by
tapping. The operator then could vary the rhythm
at will, to check the patient's response, but in
all cases returned to a standard rhythm of 3.3
shocks per second. The threshold voltage for
each site was defined as the minimum voltage at
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TABLE 3
Sweating and sensitivity ratios derived from data in table 2
Areas Compared
Pre-operative Post-operative
11/29/61
Sweat Sensithity
ratio ratio
L/R R/L
1/11/62
Sweat Sensitivity
ratio ratio
L/R R/L
3/1/62
Sweat Sensitivity
ratio ratio
L/R R/L
3/15/62
Sweat Sensitivity
ratio ratio
L/R R/L
Control ratios
Ring tips
Little tips
Ring, ulnar side (pre-opera-
tive)
Pathological ratios
Thumb tips (pre-operative). .
Left thumb transplant/right
thumb tip (post-opera-
tive)
Left thumb transplant/right
ring, ulnar side (post-
operative)
Left ring—graft, ulnar side/
right ring—ulnar side
(post-operative)
1.0
1.1
1.0
0.0
—
—
—
1.0
1.2
1.0
0.6
—
—
—
0.9
1.0
1.0
0.1
—
—
—
1.0
1.0
0.9
0.7
—
—
—
1.1
0.9
—
—
0.0
0.0
0.0
0.9
1.0
—
—
0.7
0.5
0.7
1.1
0.9
—
—
0.0
0.0
0.0
0.8
0.8
—
—
0.6
0.8
0.7
which the patient could perceive and accurately
reproduce the standard rhythm. Measurements
were also made on the corresponding contra-
lateral sites where sweating tests had been made
about 30 minutes before.
Sweating ratios were calculated as described
above, i.e., the number of sweat spots in a stand-
ard area 10 minutes after iodine, for the pathologi-
cal site, divided by the corresponding number for
the normal symmetrical site.
We calculated sensitivity ratios for the same
paired sites using the ratio of the threshold (in
volts) of the normal contralateral site divided by
the threshold of the pathological site; the sensi-
tivity is inversely related to the threshold value.
Results of Combined Sweating and Sensor Tests
The sensitivity ratios of most patients were
more variable from time to time than were the
sweat ratios. They did, nevertheless, correlate
broadly with the sweat ratios, and usually with
the subjective appraisal of the patient.
Table 2 shows the 10 minute sweat counts and
threshold sensitivity in volts in a patient (G. C.)
who had injured his left thumb 10 months prior
to the first test; the ball of the thumb was
analgesic. Measurements were taken on the tips
of the thumb, the ring finger and the little finger;
they were also taken on the ulnar side of the
middle phalanx of the ring fingers. The reason for
the last site was that the patient was scheduled
to have an island transplant similar to that de-
scribed above (Fig. 14), and it was desirable to
have preoperative control readings on the future
donor site (ulnar side of ring finger). Table 2
shows that the threshold voltages in this case for
normal volar thumb skin was between 5.6 and
8.1. The normal skin on the ulnar side of the ring
linger had a threshold of 5.6—9.0 volts. Before
the operation, the partially denervated skin on the
left thumb tip had a threshold of 12.0 volts as-
sociated with a sweat rate of 0 on the first test,
and a threshold of 8.3 volts with a sweating rate
of 2.0 on the second preoperative test, 6 weeks
later. This may indicate some degree of recovery.
Six to 8 weeks after the operation, the ball of the
left thumb (without original nerves or blood
vessels, or presumably, sweat glands), grafted
onto the ulnar side of the ring finger, showed a
sweating rate of 0 and threshold voltage of 9.0—
14.0. The neurovascular transplant of normal skin
to the pathological thumb site did not show nor-
mal sweating or sensation during the 8 week post-
operative period included in this report. The
threshold voltage of the transplant rose to that of
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TABLE 4
$weating* and sensitivity j in six month period following left median nerve injury. Proximal
and distal areas compared
P.M., 22 yrs. Injured 9/20/61
Area Tested
(Distance from Scar)
11/14/61 11/28/61 3/10/62
Patient's
estimate
Sweat
ratio 5"riO Sweatratio '',1j' Swcatratio S.eisi-iviy pala Lighttouch
Thumb:
Tip (5") T "Moderately
numb"
0.0 0.1 0.1 0.6 0.1 0.6 + +
Proximal phalanx (4") T0.. "Moderately
numb"
0.5 0.8
Thenar eminence (2") Te. . "Moderately
numb"
0.0 0.7 "Normal" on gross test
Index:
Tip (7") I
Palm—base of index (3/4")
"Most numb"
"Most numb"
0.0
0.0
0.1
0.2
0.0 0.6 0.0
0.5
0.5
0.5
—
Middle:
Tip (7)") M
Proximal phalanx (4")
Palm—base of middle
"Least numb"
"Least numb"
0.0 0.1 0.2 0.7 0.2
0.5
0.8
0.6
+ +
(43.") M "Least numb" 0.9
Normal:
Ringtip,R
Little tip, L
"Normal"
"Normal"
1.0
0.9
1.1
1.1
0.9
0.9
0.8
1.3
0.8
1.3
1.0
1.1
+
+
+
+
* Sweat ratio = 10' sweat count—left hand site/lO' sweat count—right hand site.
t Sensitivity ratio = Threshold voltage—right hand site/threshold voltage—left hand site.
denervation levels (11.5 to 12.5 volts) and the
area was anesthetic. Sweating was zero as meas-
ured in the standard 8 square mm area; there
were, however, a few sweat spots here and there
on the transplant.
Table 3 presents the sweat and sensitivity
ratios calculated from the data in Table 2. The
sweat ratios for the control fingers (ring, little,
and side of ring preoperatively) varied between
0.9 and 1.1, and the sensitivity ratios for these
fingers was between 0.8 and 1.2. The thumb tip
showed sweat ratios of 0.0 and 0.1, with sensi-
tivity ratios of 0.6 and 0.7, both before and after
the operation. This patient never showed sensi-
tivity ratios lower than 0.5 so that values of 0.5
to 0.8 comprised the total range for denervated
skin and overlapped with values of 0.8 found in
control sites.
In another patient (P. M.), the sensitivity
ratios covered a wider range and correlated better
with the sweating ratios. This patient had sus-
tained a left median nerve injury at the wrist
about two months before testing and stated that
his left thumb, index, and middle fingers were
"partially numb." The index was "most numb,"
the thumb "intermediate," and the middle finger,
the "least numb." Sweating and sensitivity tests
were carried out during the 6 month period follow-
ing injury on the volar tips of all 5 fingers, and
occasionally on more proximal sites.
Table 4 shows the ratios derived from these
tests and indicates that satisfactory nerve re-
generation was occurring. It also shows a good
correlation between the subjective initial estimate
of the patient and the objective findings. The con-
trol ratios for sweating in this patient lay between
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FIG. 16. Diagram of the sites tested for sweat-
ing and sensitivity in Table 4 (P. M.). The stip-
pling indicates the extent of the area originally
affected by the injury.
0.8 and 1.3. The denervated fingertips showed a
sweating ratio of 0 011 11/14/61, but as regener-
ation proceeded the sweat ratios rose to 0.1 for
the thumb and 0.2 for the middle finger. At the
same time the sweating ratios of more proximal
areas (Fig. 16) returned to normal, entirely or
partially, depending upon the distance from the
site of injury (presumably the distance that re-
generated nerve fibers had travelled in that time).
Thus, in the case of the thumb the sweat ratio of
the thenar eminence was 0.0 on 11/14/61 and
normal on 3/10/62. An intermediate position, the
mid-volar area of the proximal phalanx of the
thumb, gave intermediate results on 3/10/62,
i.e. a sweat ratio of 0.5 compared to 0.1 for the
thumb tip and presumably about 1.0 for the
thenar eminence on the same day.
The most severely affected finger, the index,
gave persistent sweat ratios of 0.0 over this time
period, but a more proximal area in line with the
index, i.e. the palm at the base of the index,
showed a sweating ratio which increased from 0.0
on 11/14/62 to 0.5 on 3/10/62.
In the same way, the middle finger, which was
least affected, showed an increase in sweat ratio
FIG. 17. Acetylcholinesterase in the nerves around normal sweat glands and absent from the sweat
glands in denervated skin. The photograph on the left is from a biopsy specimen of the normal ring
fingertip. The photograph on the right is from a biopsy specimen of the pathological ring fingertip of the
same patient. Both specimens were taken at the same time and treated identically for the demonstra-
tion of acetylcholinesterase (J. B. 2/21/62).
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of the tip from 0.0 to 0.2 over the 5 month testing
period. More proximal areas tested at the same
time on the last session showed sweating ratios of
0.5 for the proximal phalanx and 0.9, or normal,
for the palm at the base of the middle finger.
Table 4 also shows the sensitivity ratios deter-
mined at the same time as the sweat ratios. There
is good correlation between sweating and sensi-
tivity ratios and a wide range of values for sensi-
tivity ratios, in contrast to the case described in
Tables 2 and 3. The control sensitivity ratios lay
between 0.8 and 1.3. The denervated fingertips
all exhibited sensitivity ratios of 0.1 on 11/14/61
(correlated with sweating ratios of 0.0). The
middle, least affected, finger progressed furthest
in the testing period to a sensitivity ratio for the
tip of 0.8 on 3/10/62. The sensitivity ratios for
thumb and index tips rose to 0.6. Intermediate
positions gave approximately intermediate values,
although the results were not as clear as in the
case of the sweat ratios. By 3/10/62, perception
of pain and light touch had returned to thumb and
middle fingers with sweating ratios of 0.1 and 0.2
and corresponding sensitivity ratios of 0.6 and
0.8. At this time the tip of the index was still
analgesic and gave uncertain responses to light
touch; this was correlated with a sweating ratio
of 0.0 and a sensitivity ratio of 0.5.
III. IHSTOHEMICAL 5TUDIE5
Method: In 4 of the cases described above,
biopsy specimens were taken from the pathologi-
cal and the normal contralateral areas, either
while the patient was under general anesthesia, or
under local nerve block. The tissues were frozen
immediately and within 48 hours were treated
with the Gomori (2) method for cholinesterases.
llellmann (5) reported that the denervated cat's
paw showed no pseudocholinesterase, normally
present in the nerves around the sweat glands.
Normal human skin contains abundant specific or
acetylcholinesterase in the nerves around the
eccrine sweat glands (6).
Findings: In contrast to the control tissue
which showed the nerves around the sweat glands
with a strong acetyicholinesterase reaction, the
pathological tissue showed practically none. In
each of these cases the pathological tissue was not
completely dcnervated and sometimes showed a
small number of active sweat glands and some
degree of sensitivity as described above. Some of
the glands, therefore, were surrounded by nerves
which were still rich in cholincsterasc activity.
Figure 17 shows the contrast between the enzyme
FIG. 18. Sweat response to mecholyl of normal and dencrvated fingertips. The same fingers from which
biopsy specimens shown in figures 17 and 19 were removed. The photograph on the left is of the normal
ring finger and that on the right is the pathological ring finger (contracted). Both were injected with
mecholyl at the sites marked by arrows 6 minutes before. Response to the drug is almost nil in the
pathological finger (J. B. 1/6/62).
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FIG. 19. Meissner corpuscles in normal and denervated skin treated to show acetylcholinesterase.
The photograph on the left is from a biopsy specimen of the normal ring fingertip. The photograph on
the right is from a biopsy specimen of the pathological ring fingertip. Same specimen as figure 17 (J. B.
2/21/62).
content of the nerves around a typical nest of
glands in a pathological fingertip (J. B. right ring
fingertip) and those in the control site (J. B. left
ring fingertip).
Figure 4 shows the results of a sweat test on
these fingers a few weeks prior to the removal of
the biopsy specimen. The response of the finger-
tips 6 minutes after the intradermal injection of
mecholyl (10—s) on the same day as the test is
shown in Figure 18. The sensitivity ratio of the
fingertips on the same day was 0.4.
Meissner corpuscles, which normally abound in
cholinesterases, showed very little of it in the
pathological material, and they seemed to be de-
generating. Figure 19, also from the same two
fingers, demonstrates these changes. The histo-
chemical and histological findings will be de-
scribed at greater length in a subsequent paper.
For the present time these findings confirm the
assumption that denervation (or partial denerva-
tion) produces anhidrosis (or hypohidrosis) and
that there is a close correlation between sensory
and sudorific function, both as measured physio-
logically and as seen by histochemical prepa-
rations.
These findings also show explicitly that the
sweat glands are an exception to Cannon's Law
(1) in that when denervated they do not become
hypersensitive to their own neurohumor, but
actually less sensitive to it, in contradistinction to
all other effector cells.
SUMMARY
1. A simple direct method is described for
measuring the sweating activity of small areas of
volar skin. The number of sweat spots in a stand-
ard area appearing spontaneously, or after mental
arithmetic, in a standard time is compared to a
similar count taken on the contralateral site, and
this ratio is taken to be the index of sweating
activity.
2. Analyses are presented of the sweating ac-
tivity in corresponding areas of volar skin in pa-
tients with peripheral nerve injuries of the hand.
These demonstrate the degree of hypohidrosis
illV. 14
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associated with the degree of completeness of
nerve division and degree of reinnervation.
3. Denervated, or partially denervated, volar
areas which showed a low index of spontaneous
sweating also responded minimally to specific
sudorific stimuli; mental arithmetic, psychic
stress, intradermal injection of acetylcholine,
mecholyl, mecholyl plus eserine, adrenaline, and
NaC1.
4. A neurovascular island transplant was
found by this method to sweat more than its
control symmetrical donor site, almost as much as
its control symmetrical recipient site, and more
than the area distal to it which showed evidence
of residual denervation.
5. An objective method of testing cutaneous
sensory function is described. Sensitivity ratios
were calculated by comparing the threshold
voltage of normal areas with that of symmetrical
pathological sites. The sensitivity ratios were
found to correlate broadly with sweating ratios
but were less constant.
6. Normal nerve regeneration in a case of
median nerve injury was followed quantitatively
by observing the sweating and sensitivity ratios
over a 6 month period after injury.
7. Biopsy specimens of paired normal and
pathological areas tested previously for spon-
taneous sweating and response to acetylcholine or
mecholyl showed that the absence of sweating
was correlated with the absence of acetylcho-
linesterase around the sweat glands.
8. These biopsy specimens also showed that
the loss of sweating and sensation was correlated
with absence of acetylcholinesterase in the
Meissner corpuscles.
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